LA-UR ~86-2637 Recaivet b 75T

AUG 0 5 1136

(ONF-8008 1 - }

LOos Alamos Natong!
al Laborgtory 1a operaed by the University of Californis 1or *ne United States Department of Energy under contract W-7405.ENG-36

AASTER

TITLE:  HIGH SPATIAL RESOLUTION IN X-RAY FLUORESCENCE

LA-UR--86-2637

DE86 013820
AUTHOR(S) John Zahrt

SUBMITTED TO:  Annual Denver X-Ray Conference, Denver, CO

August 4-8, 1986.

DISCLAIMER

This report was propared us an account of work sponsored by sn ugency of the United States
CGiovernment. Nelther the United States Government nor any ugency thereof, nor any of their
employces, makes any warrantly, €xpresa of implied, or ussumes any logal liability or reaponsi-
bility for the sccuracy, completonsss, or usefulnesa of any information, apparatus, product. or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, of service by trade name, trademark,
menufacturer, or otherwise does not necessarlly constitule or imply Ms endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof, The views
und opinions of authors eapressed herein do nat necessarily stale or reflect thuse of the
United States Government vr any agency thoreof.

[ ] ceplance 0 is ariicig. b q Sla'ng & nONeR [ N ! n

y 8¢ an IR0 g | . the ’U‘“.w recognizes thatl the U Owﬂm' t NOACIuBIVE 1OY8! y-10Q l1I0ONAS tO publish Of reproduce
v 11

m’u.'l.m form 0' thig Gontridution. O to aliow others to do 80 tor VB Government ':f;“. " " "

.The Los Alamoa N
4110A81 LBDOTSI0TY requents 1hat the Dublisher identity this artgle as work Derformed under 1he suspioes of the U B Depan
artmgnt ol!norgy

L@S A @WD@S Los Alamos National Laboratorg

Los Alamos,New Mexico 8754

PORM NO 830 1.4
Y N0 NIV

DISTRIBUTION OF THIS DOCUMENT (S UNLIMITED


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


HIGH SPATIAL RESOLUTION
in X*RAY FLUORESCENCE
John D, Zahrt
Applied Theoretical Physics Division

Los Alamos National Laboratory

.NTRODUCTION

During the past eight years or so there has been growing interest in
ising a polarized x-ray source in energy dispersive x+ray fluorescence
pectrometers(1,2,3,4). The effect is to annihilate the source x rays
iefore they scatter {nto the detector, thus significantly increasing the
ignal to noise ratio.

Both characteristic or Bremsstrahlung radiation can be polarized by
Q° scattering from crystals (Bragg angle = u45°) or from amorphous materials
espectively. This 90° polarizing scatter event greatly reduces the
inpolarized source radiation. In an effort to regain some intensity use ia
ade of concave surfaces to 'itilize a manifold of beams (5,6,7). The case
f a Johann polarizer has been discussed (8,9,10). The Johansson geometry
11) has been ignored because it is a highly focussed geometry. Sample
iomogeneity would thus be a problem. However, interest has now arisen
oncerning the measurement of sample inhomogeneities (12) and the Johansson
levice may find a new application. It should be mentioned that while {t is
Ot necessary to polarize the x rays to use Johansson geometry, the
olarizing geometry doea offer the greatest distance between tne x-ray
ource and the sample. This may be important to the design of a functional
nstrument. Thi3s paper is an effort tO explore some of the potentials and
roblems of using Johansson geometry in an EDXRF spectrometer,

The kinematic theory of x<ray diffraction is used with a mosaic model
f an imperfect crystal. The parameters i{nherelit in the mosaic model are
uch that the results presented herein are more retrodictive than
redictive. The results point more toward potentialities than a specific
xperiment. It should be noted however, that the mosaic parameters can be
easured with a little effort (13),

Finally once the diffraction line shape, or intensity profile, on the
ample is determined, the signal across various concentration gradients will
e determined to a firat approximation.

EOMETRY

The schematic geometry is stown in Fig. 1. The crystal is firat ground
0 &4 radius R and then bent to a radius of 2R. This crystal then sits on
he (conceptual) Rowland circle of radius R defined by the centers of the
ource, S, and analyte, A, and the point O. S and A are on a diameter for
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e case discussed herein but when used as spectrometer, S and A need only
symmetrically poasitioned.
Every ray ro from S to the ground portion of tne crystal has a GB -

° and the angle SPA is always 90° {nsuring the aspects of diffraction and
larization,

A welighting factor, sin OB /ro2 is also desired. The dot product of ro
th the plane normal, n, (a unit vector) gives L sin ea and calculation

ves
sin 0@ /r°2 =[ Rcos £ + Rsin £ + o(cos € = sin E)//2)/

[27'? + 02 2Rfsin 2& + 2Ro/cos £ = sin ¢ » 1)/‘/2]3/2 (1)

The last geometric consideration of concern is, where on the sample is
e diffraction line, from the ds region about s, centered? For the
hnsson case it is always at z = 0.

TENSITY PROFILES

In this section I wish to present the intensity profiles for the
hansson and Johann (for comparison) polarizers. These profiles shouvld be
perimentally obsarvable (e.g. by replacing the analyte by a pilece of
otographic film). Comparison of the experimental profile with that
lculated here offers one test of the model.

If the source is finite in extent, each scattering point P will be
thed by photons with a small but finite range of inciuence angles. These
n interact with a number of mosaic blocks on the arc length da. The
saic structure will broaden the focus at A by some amall amount. It is
sired to know just how much broadening there will be and to know the
tensity profile along the line OA and {s extension.

Let radiation of source intensity Io be incident on the crystal with an

gle of incidence O (measurcd between the tangent to the crystallographic
ane and the direction of {ncident radiation ro). The incident radiation

® a normalized distribution function in y, D(y.s), where y = @ = QB and s
¢R¢, and a weight of si{n 0 /roz. The radiation i{s pictured as

countering many mosaic blocks along the interval ds. The mosaic blocks
ve 4 normalized distribution function W(A) over 4, the angle between the

rface of the microscopic block and the macroscopic crystallographic plane.
ch mosaic block ls perfect and has a reflectivity of PH(y). The

flectivity from a ds region centered on s is

do(y.s)-lo ain 0 /ro2 D(y,s) dy ds [ PH(V‘A) wW(a) da. (2)
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Now 1 assume that the absorption and extinction by the crystal are
ligible so that da(y,s) 1s the line shape of the diffraction line caused
the mosaic blocks in a ds neighborhood about 8 (13). D(y,8) can be taken
be square wave in shape and broad compared to W(y). Since the PH

ction is generally quite narrow compared to W, the A integration yields
thout concern of the shape of PH)

2
du(y,s)-I° sin 0 /r° W(y) RH ds dy (3)

re RH is the area under PH(y). Eqn. 3 i3 to be evaluated numerically.

At the sample, y can be related to 2 by y = z/rd. {Throughout this

er the sample surface is assumed to be normal to ra This introduces a

11 error in the profiles presented.) Thus z is to be fixed and the
erical integration over s can be performed.

Parameter values used throughout are R=1.5 cm, n=0.001 rad and =
J15£50.001. These are just the values used in (10). The function W(a)
taken to be a normalizad Gaussian function of standard deviation n.

Johansson intensity profile is shown in Fig. 2. The shape is
entially Gaussian with a FWHM of 0,0018 cm. Keep in mind that the FWHM
nearly a linear function of R.

Although the geometry is different for the Johann case, sin © /roz is

diffic 1t to calculate and Eqns. (2) and (3) still hold. The new

plem is that the center of the diffraction line on the sample, from the
region about 8, 1s itself a function of s. Once this is taken into

>unt the numerical {ntegration is performed in like manner to the

insson case. The intensity profile i{s shown in Fig. 3. It is much

ader than the Johansson case and noticeably asymmetric. The dashed line
the figure portrays the "density" of the diffraction line centers. This
rirst published dy Johann (8).

\DARY EFFECTS

If the diffraction line has finite width, concentration gradients will
be faithfully reproduced by gradients in the signal as the sample is
ined. In particular, assuming tie signal at a point, S(zo). to be

>ortional 1o the concentration of the analyte at that point, c(zo). times
intensity at trhat point, 1(20) then

S(zo) =k f c(z) I(z-zc) dz (u4)

} equation ignores the divergence of the diffraction beam and assumes
:entration is not a function of depth i{n the sample. No matrix effects
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or interelement effects are consjidered although some very interesting
effects and problems could likely be constructed.

I will consider four illlustrative examples in concentration gradient;
a) step function, b) linear gradient, c¢) exponential gradient and d)
Jaussian gradient. The intensity function will be taken to be Gaussian, as
~was shown to be the case with the Johansson geometry.

with the parameters a=1 cm. and n=0,001 rad. graphs of these four
cases are shown in Figs. 4=7 as S versus z. It is apparent that the broader
the concentration gradient (relative to the intensity profile) the closer
the signal maps the concentration. The presence of discontinuities of the
concentration gradient also causes some relatively unfaitnful mapping.

In general one will be faced with so_ving the deconvolution problem of
eqn. (4) for c(z) given S(zo) and I(z*zo). This problem is, mathematically

3peaking, a Fredholm equation of the first kind. These problems are often
{ll+posed, {ll*conditioned and underdetermined. Although numerous codes
exist to solve these kinds of problems, the problems themselves are still
nasty.

CONCLUSIONS

Johansson geometry is a focussing geometry as far as ray analysis is
soncerned. However, given the mosaic nature of real diffracting crystals,
the intensity profile of a Johansson system may have appreciable intensity
over 20 microns or so. Making the diffracting crystal as perfect as
possible, in spite of the grinding and bending, will reduce the spot size.
This will likely require annealing of the crystal. Making the system close
coupled (R small) would also give smaller spot size but there would be
jreater divergence from the point of focus. In this case depth effects
zould be troublesome. There may also be trouble in mechanically gettirg the
k“ray source, diffracting crystal, sample and detector all together in a
:lose coupled system. Although there is no necessity in having the Bragg
ingle 45°, thus opening the door to many more diffracting crystals which may
’e more efficient for a given characteristic energy, the polarization
jeometry does offer the greatest distance between the source and sample.

Another problem lies in the fact that 1 have been discussing
cha~acteristic x rays only. Such a monochromatic source might not be very
2afficient for brcad band analyses.

The collimated system reported by Nichols and Ryon (12) overcomes some
»f these problems but perhaps at some loss of total intensity due to the
ynall collimator size,

With regard to boundary effects, I see no major prcblems in
incerpreting the data. While many interesting and difficult problems have
>een glossed over here, problems such as beam divergence, concentration
Jepth effects matrix effects, etc. can all be incorporated into the simple
vheory reported here,
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